The water shortage in the Huaihe River Basin (HRB), China, has been aggravated by population growth and climate change. To identify the characteristics of streamflow change and assess the impact of climate variability and human activities on hydrological processes, approximately 50 years of natural and observed streamflow data from 20 hydrological stations were examined. The MannKendall test was employed to detect trends. The results showed the following. (i) Both the natural and the observed streamflow in the HRB present downward trends, and the decreasing rate of observed streamflow is generally faster than that of the natural streamflow. (ii) For the whole period, negative trends dominate in the four seasons in the basin. The highest decreasing trends for two kinds of streamflow both occurred in spring, and the lowest ones were in autumn and winter. (iii) Based on the above analysis and quantifying assessment for streamflow decrease, human activity was the main driving factor in the Xuanwu (80.78%), Zhuangqiao (79.92%), Yongcheng (74.80%), and Mengcheng (64.73%) stations which all belong to the Huaihe River System (HRS). On the other hand, climate variability was the major driving factor in the Daguanzhuang (68.89%) and Linyi (63.38%) stations which all belong to the Yishusi River System (YSR).
INTRODUCTION
Hydrology plays a central role in the development and management of water resources, and streamflow constitutes a major phase in the hydrological cycle (Miao et al. ) . 
).
The streamflow trends of various river systems across China were analyzed based on long-term historical records of climatic and hydrological data. It was found that streamflow had decreased in northern China, including the Yellow River Basin (Zhang et al. ) , Haihe River Basin (Zhan et al. ) , and Liaohe River Basin (Jiang et al. a) , while it had increased in southeastern China, e.g., the Yangtze River Basin (Ye et al. ; Omer et al. ) , and Pearl River Basin (Zhang et al. ) . In the west of China, streamflow in the headwater of the Tarim River exhibited significant increase, but a decreasing trend has been detected along the mainstream of the river (Tao et al. ) . However, few studies on the long-term monotonic trend and abrupt change of streamflow in the Huaihe River Basin (HRB) have been carried out. Hao et al. () found that annual streamflow of four hydrological stations in the HRB showed an insignificant decreasing trend, and Sluice in the HRB and found 10 stations had a decreasing trend, while the other stations had an ambiguous increasing trend. However, none examined trend characteristics for different time intervals at the same time, such as seasonal and annual bases, to see whether or not a dramatic change occurs. Moreover, the above studies focused on the observed streamflow while there is a lack of sufficient study about the natural streamflow in the HRB. The difference between observed and natural streamflow can more effectively explain some real phenomena of streamflow change, and distinguish the impact of climate change and human activities on the streamflow.
The HRB, the sixth major river basin in China, is one of the most sensitive areas for annual runoff changes as a response to climate change in China (Gao et and Yishusi River System (YRS, 80,000 km 2 ).
The climate of the basin is chiefly characterized by monsoonal weather conditions. The annual mean temperature is between 11 and 16 W C, and annual precipitation is about 898 mm, which generally decreases from about 1,000 mm in the southeast to less than 600 mm in the northwest. The natural streamflow at a given station can be calculated as:
where Q w,n is the calculated natural streamflow, Q w,m is the observed streamflow, and Q w,div is the net water quantity diverted from the river above the station. The formula for estimating natural runoff requires detailed information that is extremely difficult to collect. The differences between observed runoff and natural runoff are generally due to four factors: (i) the amount of water directly collected 
Methodology

Trend analysis
The Mann-Kendall (MK) trend test is a rank-based nonparametric method that has been widely applied for trend detection in hydro-climatic time series due to its robustness against the influence of abnormal data and especially its reliability for biased variables ( (1) it can handle non-normality and censoring data; (2) it has a high asymptotic efficiency. The distribution-free CUSUM test was used in order to test the hypothesis concerning the existence of the step change points in the hydro- The illustration of the assessment of the attribution for streamflow decrease is shown in Figure 2 . The observed annual streamflow in the 'natural period' and 'impacted period' are defined as Q on and Q oi , respectively. Similarly, the natural annual streamflow in the 'natural period' and 'impacted period' are defined as Q nn and Q ni . Therefore, the changes of the observed and natural annual streamflow (ΔQ o and ΔQ n ) can be calculated by (Bao et al. ) :
where ΔQ o contains two parts: the streamflow change caused by climate variability (ΔQ C ) and human activities (ΔQ H ). In order to roughly estimate ΔQ C , this paper assumes that the change of the natural annual streamflow (ΔQ n ) is approximately equal to the streamflow change caused by climate variability (ΔQ C ). So, the streamflow change caused by human activities (ΔQ H ) could be calculated by:
with the estimation of ΔQ C or ΔQ H , the contribution of climate variability and human activities to streamflow change, which are defined as η C and η H , respectively, and can be separated and estimated by:
RESULTS AND DISCUSSION
Trends for annual streamflow
The spatial distribution of trends for annual streamflow in the HRB over the whole available period is displayed in Figure 3 . In addition, the magnitude of trend (Kendall slope, β) for annual streamflow was detected, as shown in Table 2 .
Overall, the results of the MK test showed that decreasing trends for both the observed and natural streamflow were observed in the HRB from 1956 to 2000 ( Figure 3 and Table 2 ). For the natural streamflow, except for the increased population in the north of the HRB (Zhang et al.
b).
The value of slope during the MK test reflects the change rate being analyzed ( (Figure 4 ). This may be due For the whole available period, the natural and observed streamflow of the entire basin had a statistically decreasing trend in each season (Figures 5 and 6 ). For the natural streamflow, the stations with decreasing streamflow accounted for 65%, 85%, 55%, and 50% of the total stations in spring, summer, autumn, and winter in the HRB, respectively. However, that of the observed streamflow accounted for 95%, 95%, 80%, and 80%, respectively ( Figure 5 ). The highest decreasing trends for two kinds of streamflow occurred in spring (lower than À1.96, α ¼ 0.05 level), and the lowest ones were in autumn and winter, respectively (also negative).
It can obviously be found that the observed streamflow has more significant decreasing trends than the natural streamflow (Figures 5 and 6 ). Meanwhile, more stations for both the observed and natural streamflow were associated with the decreasing streamflow in spring and summer compared to autumn and winter. There is an important reason for this in that corn and winter wheat are common crops in the HRB and require massive amounts of water during their the whiskers indicate the lowest and highest data value; and strigula indicate the 50th percentiles value.).
growing periods in spring and summer. Besides, scarce precipitation and stronger evaporation during spring in the HRB also contribute significantly to the decrease in stream-
In addition, for the observed streamflow, the stations with statistically significant decreasing streamflow accounted for 35%, 30%, 30%, and 40% of the total stations in spring, summer, autumn, and winter, respectively. However, there was less than 10% of the total stations with significant decreasing trends for the natural streamflow at the same time ( Figure 5 ). This result further indicates that the observed streamflow has more significant decreasing trends than the natural streamflow. There are four stations with statistically significant decreasing trends being the same in four seasons 
Change point for annual streamflow
The sequential MK and distribution-free CUSUM tests were performed to detect the change points of the observed annual streamflow in the six stations with the statistically decreasing trend at significance level 0.05. The identified change points are given in Table 3 and the corresponding graphs are shown in Figure 7 .
The results show that the change points detected using the two tests were similar. Among the six stations, 1967 1971, 1975 Figure 10 | Spatial distribution of trends for seasonal precipitation over the HRB: denotes significant decrease; denotes no significant decrease; denotes significant increase;
denotes no significant increase. (Table 4 ). In the HRS, the annual precipitation showed no significant increase, while in the YRS the annual precipitation showed no significant decrease.
The spatial distribution of seasonal precipitation trends in the HRB is displayed in Figure 10 and increased to 87% in 1997 (Xu ), which could contribute to the decrease of the observed streamflow of the HRB.
Contribution of climate variability and human activities to streamflow change
The impacts of climate variability and human activities on annual streamflow of the six stations with the statistically decreasing trend at significance level 0.05 were analyzed, as shown in Table 5 and Figure 14 .
As can be seen from This study can provide an important scientific basis for water resources allocation, regional water transfer, water ecosystem security, and so on in the HRB. Meanwhile, it has a certain scientific significance on the assessment of climate change and human activities on hydrological processes in the HRB.
